Introduction
It has become a common knowledge that there exist multiple thin layers of turbulence in the stratosphere in spite of its strongly stable stratification (e.g., Barat, 1982) . There are also found various internal gravity waves propagating upwards from the troposphere.
Some of them are considered to break into turbulence near their critical levels (see Geller et al., 1975; Tanaka, 1982 Tanaka, , 1983 Yamanaka and Tanaka, 1984a, b) . However, our understandings on gravity waves and turbulence in the middle atmosphere are still too crude to clarify the turbulent diffusivity for tracer transport (cf. Cadet, 1977; Barat, 1982) and also to discuss the wave stress acting on the stratospheric general circulation (Tanaka and Yamanaka, 1984) . Since the wave momentum may be originated in the troposphere, the wave parameters in the lower stratosphere are necessary to model the mesospheric and thermospheric general circulation (Lindzen, 1981; Matsuno, 1982; Holton, 1982) . What we mentioned above are our principal motivation toward balloon observations of the gravity waves and turbulence in the stratosphere. In this short report we will show some quick results of the balloon observation carried out through 30 hours in September, 1982 . We focus our attention on multiple thin "gust layers" which have not been reported so far.
Balloon instrumentation and flight
We used a zero-pressure balloon of 5000m3, which was launched from Sanriku Balloon Cen- Fig. 1 ). The details of the anemometer used will be described in another paper. The lower gondola can scan vertically through 600m by a winch which was developed at ISAS taking a hint from Cadet et al. (1977) .
The observation was performed through 24 hours at 24-26km levels and then through 5 hours at 20-21km levels (see Fig. 2 ). Vertical scans of the lower gondola through 600m were carried out four times. The data used in this report are the horizontal wind components obtained by the telemetric tracking and those by the anemometer mounted on the lower gondola. Geomagnetic sensors were set to detect the attitudes of the two gondolas so as to define the anemometric wind azimuths. A semiconductor barometer and a barometric ascentmeter were also mounted on the upper gondola to watch the balloon vertical motions. Concerning sounding errors of the anemometric data, superpositions of the balloon motions (period *5min) and the gondola rotation (period *20sec) should be noted. Pendulum motions of the two gondolas can be neglected within the sensitivity of the anemometers.
Wave-like fluctuations
The observation was carried out just after the autumnal reversal of the stratospheric zonal wind (see Fig, 3 ). Note that an easterly regime appearing after this observation is due to planetary-scale disturbance within the westerly wind system in the northern hemisphere.
Middlestratospheric zonal wind filtered out by the vertical 5-km running mean was weak westerly (*4m/s), which was consistent with the balloon tracking data (see Figs. 4 show the variations of zonal and meridional components of the wind, respectively, for the times at the balloon in flight.
As an assumption for analysis, we consider that the wave-like disturbances move with a mean zonal wind obtained from the time average over the analysis period.
Then the power spectrum of the zonal component of wind fluctuations is shown in Fig. 6 , where the frequency corresponds to the zonal wavenumber multiplied by the mean westerly velocity (*4m/s).
The pre-M. D. Yamanaka and H. Tanaka 179 dominant periods are found at about 4 hours and about 1.5 hours, which correspond approximately to the zonal wavelengths of 60km and 20km, respectively. Thus we can state that these wave-like fluctuations are internal gravity waves in the mesoscale range.
In Fig. 6a -5/3 power law of wind power spectrum is found through the whole mesoscale range, as have been reported by several investigators (e.g., Gage, 1979; Larsen et al., 1982; Balsley and Carter, 1982) . However, it is still unclear why the -5/3 power law is realized so commonly for mesoscale wind fluctuations.
Gust layers
A striking feature found in the anemometric data of the lower gondola is multiple gust layers of 10-50m thickness with relative wind velocity uamplitudes of 1-3m/s [see Figs. 7(b) and (c)]. Further note that the multiple gust layers shown in Figs. 7(b) and (c) are modulated with a larger scale of 100-300m thickness just like wavepackets.
As a possible cause to form the modulated multiple gust layers we can consider criticallevel amplification of the horizontal wind components associated with gravity waves. The possibility will be discussed in another paper by applying Plumb-McEwan's (1978) formalism on The isolated gust layers found in Fig. 7(a) are thicker than those found in Fig. 7(d Barat's (1982) ionic anemometer, because our propellor anemometers can hardly detect winds weaker than 0.9m/s. These problems will be checked in more detail in another paper. 
